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“Two things fill the mind with ever-increasing wonder… the starry heavens above me and the moral law within me.” 
– Immanuel Kant, Critique of Practical Reason (1788) 
,QWURGXFWLRQ
0RGHOVDUHHVVHQWLDOWRROVLQV\VWHPGHVLJQDQGDUHXVHGE\DQDO\VWVDQGHQJLQHHUVWKURXJKRXWWKHGHVLJQSURFHVV
$NH\ IXQFWLRQRIPRGHOV LV WR JHQHUDWH GDWDZKHQ HPSLULFDO VRXUFHV DUH QRW DYDLODEOH WKLV GDWD LV WKHQXVHGE\
VWDNHKROGHUV WR GLVFHUQ DPRQJ SRWHQWLDO DOWHUQDWLYHV 7KLV SDSHU H[SORUHV WKH FKDOOHQJH RI EXLOGLQJ WUXVW DQG WKH
SUREOHPRI EXLOGLQJ WUXWKIXOQHVV LQ WKHPRGHOV XVHG WR UHSUHVHQW WKH SHUIRUPDQFHRI HQJLQHHULQJ V\VWHPV ,W DOVR
H[DPLQHVWKHFKDOOHQJHRIEXLOGLQJWUXVWDQGWKHSUREOHPRIEXLOGLQJWUXWKIXOQHVVLQPRGHOVWKDWUHSUHVHQWWKHYDOXH
WKDW VWDNHKROGHUV DWWULEXWH WR VXFK SHUIRUPDQFH 7KH GHVLJQSHUIRUPDQFHYDOXH ORRS KHUHDIWHU UHIHUUHG WR DV WKH
³GHVLJQORRS´LVGLVFXVVHGDQGDIUDPHZRUNLVGHOLQHDWHGIRUWKHFRPSDULVRQRILPSRUWDQWPRGHOW\SHVLQYROYHGDW
YDULRXVVWDJHVLQWKHGHVLJQORRSSHUIRUPDQFHYYDOXHPHQWDOYFRQVWUXFWHG7KHSUREOHPRIEXLOGLQJWUXVWDQG
WUXWKIXOQHVV LQPRGHOV LV WKHQ GHILQHGZLWKLQ WKLV SURSRVHG IUDPHZRUN ,QWHUDFWLYH YLVXDOL]DWLRQ LV SURSRVHG DV D
YLDEOHWRROWRKHOSLPSURYHWKHPRGHOUHSUHVHQWDWLRQVWKHUHE\LQFUHDVLQJPRGHOXVHIXOQHVVDQGVWDNHKROGHUWUXVWLQ
WKHPRGHOV
1.1. Motivation 
,Q WKH FRQFHSWXDO GHVLJQ SKDVH RI PRGHUQ HQJLQHHULQJ V\VWHPV DQDO\VWV DUH FRQIURQWHG ZLWK H[SORULQJ DQG
UHSUHVHQWLQJVHYHUDO OD\HUVRIFRPSOH[LQIRUPDWLRQDERXW WKHGHVLJQDOWHUQDWLYHV WKH\DUHFRQVLGHULQJ5KRGHVDQG
5RVV  RXWOLQH ILYH W\SHV RI FRPSOH[LW\ LQ HQJLQHHULQJ V\VWHPV VWUXFWXUDO UHODWHG WR V\VWHPV¶ IRUPV
EHKDYLRUDO V\VWHPV¶ RSHUDWLRQV FRQWH[WXDO HQYLURQPHQW LQ ZKLFK WKH V\VWHPV RSHUDWH WHPSRUDO V\VWHPV
FKDQJLQJ RYHU WLPH DQG SHUFHSWXDO VWDNHKROGHU SUHIHUHQFHV RQ V\VWHPV¶ SHUIRUPDQFH RXWFRPHV *LYHQ WKHVH
FRPSOH[LWLHV QRW RQO\ LV LW GLIILFXOW WRPRGHO WKH SHUIRUPDQFH RI D V\VWHP WKDW GRHV QRW \HW H[LVW EXW DOVR LW LV
GLIILFXOW WR UHSUHVHQW VWDNHKROGHUV¶ YLHZV RQZKDW WKH V\VWHP VKRXOG GR LH WKHLU QHHGV 7KLV EULQJV DERXW WKH
SUREOHPRItrustGR,³EHOLHYH´"LQWKHPRGHOVWKDWDUHXVHGWRHYDOXDWHERWKWKHSHUIRUPDQFHDQGWKHSUHIHUHQFHV
RQWKDWSHUIRUPDQFHLHYDOXHPRGHOV$QRWKHULPSRUWDQWSUREOHPLVUHODWHGWRKRZtruthfulLVLW³FRUUHFW´"WKH
PRGHOVDFWXDOO\DUH±LQGHSHQGHQWRIWUXVWVLQFHLWLVSRVVLEOHWRWUXVWDYHU\SRRUPRGHO
,QWKLVFRQWH[WHIIHFWLYHinteractive visualizationWHFKQLTXHVFDQEHFRPHLQGLVSHQVLEOHLQEXLOGLQJWUXVWLQPRGHOV
DVZHOODVEULQJLQJWKHPFORVHUWRDPRUHWUXWKIXOUHSUHVHQWDWLRQRISHUIRUPDQFHDQGVWDNHKROGHUYDOXHV±DVZLOOEH
H[SORUHGLQ
1.2. The Design Loop 
&RQFHSWXDO GHVLJQ RI FRPSOH[ V\VWHPV LQYROYHV D GHVLJQSHUIRUPDQFHYDOXH ORRS VHH )LJ  )LUVW D GHVLJQ
VSDFHRIDOWHUQDWLYHVLVJHQHUDWHGEDVHGRQDSUHOLPLQDU\XQGHUVWDQGLQJRIVWDNHKROGHUQHHGV(DFKGHVLJQDOWHUQDWLYH
LV PDSSHG RQWR D SHUIRUPDQFH VSDFH VSDQQHG E\ DWWULEXWHV RI LQWHUHVW TXDQWLILHG E\ D FRQVWUXFWHG SHUIRUPDQFH
Fig.1.IllustrationofthedesignͲperformanceͲvalueloop.
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PRGHO7KHSHUIRUPDQFHVSDFHLVWKHQPDSSHGRQWRDYDOXHVSDFHYLDDYDOXHPRGHOHJIXQFWLRQDOUHTXLUHPHQWV
XWLOLW\IXQFWLRQVWKURXJKZKLFKWKHVWDNHKROGHUHYDOXDWHVWKHDWWUDFWLYHQHVVRIWKHDOWHUQDWLYHV$WWKLVSRLQWZLWKDQ
XQGHUVWDQGLQJRIKRZHDFKGHVLJQDOWHUQDWLYHVFRUHVDFFRUGLQJWRVWDNHKROGHUV¶YDOXHVLWLVSRVVLEOHWRHLWKHUPDNHD
GHFLVLRQRQZKDWGHVLJQRUVHWRIGHVLJQVWRIRFXVRQRUWRJREDFNDQGFKDQJHWKHLQLWLDOGHVLJQVSDFHDQGUHSHDW
WKHORRS
1.3. Artificial Data in the Design Loop 
(QJLQHHUVGHVLJQLQJFRPSOH[V\VWHPVRIWKHIXWXUHDUHRIWHQIRUFHGWRXVHFRPSOLFDWHGPRGHOVDQGVLPXODWLRQVLQ
RUGHU ³WR H[SORUH«V\VWHP SHUIRUPDQFH ZLWKRXW DFWXDOO\ SURGXFLQJ DQG WHVWLQJ HDFK FDQGLGDWH V\VWHP´ 7KHVH
PRGHOVDQGVLPXODWLRQVKDYHHPEHGGHGLQWKHPFDXVDODQGIXQFWLRQDOUHODWLRQVKLSVDVZHOODVHPSLULFDOGDWDIURP
WKHSDVWZKLFKHQDEOHWKHV\QWKHVLVRIQHZGDWDGHVFULELQJKRZWKHV\VWHPLVJRLQJWRSHUIRUP,QWKHVHFDVHVWKH
GDWDJHQHUDWHGLVartificial V\QWKHWLF±LHLWLVQRWREWDLQHGE\GLUHFWPHDVXUHPHQWRIV\VWHPSURSHUWLHVVLQFHQR
LGHQWLFDO RU HYHQVLPLODU V\VWHPPD\\HW H[LVW$VD UHVXOW WKHDUWLILFLDOGDWD DVZHOO DV WKHPRGHO ³FDQQRWEH
FODVVLILHGDVDFFXUDWHRULQDFFXUDWHLQDQ\DEVROXWHVHQVH´7KXVDUWLILFLDOGDWDVWDQGVLQVWDUNFRQWUDVWWRHPSLULFDO
GDWDHJWHPSHUDWXUHUHDGLQJVKLVWRULFDOVWRFNSULFHVZKLFKLVGLUHFWO\PHDVXUHGDQGWKHUHE\KROGVDSRWHQWLDOO\
KLJKHUGHJUHHRIYDOLGLW\LH UHOLDELOLW\ZLWKUHVSHFW WR WKHUHOHYDQWFRPSRQHQWV/DZDQG.HOWRQS
H[SUHVVWKHGLIILFXOWLHVRIPRGHOYDOLGDWLRQIRUFRPSOH[IXWXUHV\VWHPV

7KHHDVHRUGLIILFXOW\RIWKHYDOLGDWLRQSURFHVVGHSHQGVRQWKHFRPSOH[LW\RIWKHV\VWHPEHLQJPRGHOOHG
DQGRQwhether a version of the system currently exists«)RUH[DPSOHDPRGHORIDQHLJKERXUKRRGEDQN
ZRXOGEHUHODWLYHO\HDV\WRYDOLGDWHVLQFHLWFRXOGEHFORVHO\REVHUYHG+RZHYHUDPRGHORIWKHHIIHFWLYHQHVV
RIDQDYDOZHDSRQVV\VWHPLQWKH\HDUZRXOGEHLPSRVVLEOHWRYDOLGDWHFRPSOHWHO\«

$V/DZDQG.HOWRQSRLQWRXWKRZHYHUHYHQDIWHUDVLPXODWLRQLVYDOLGDWHGLW³FDQRQO\EHDQapproximation WR
WKHDFWXDOV\VWHP´7KHUHPXVWUHPDLQVRPHGHSDUWXUHVIURPUHDOLW\LQWKHDUWLILFLDOGDWD±DV+HUEHUW6LPRQ
QRWHV³DUWLILFLDOLW\FRQQRWHVSHUFHSWXDOVLPLODULW\EXWHVVHQWLDOGLIIHUHQFH´5HJDUGOHVVRIWKHDPRXQWRI³HVVHQWLDO
GLIIHUHQFH´ WKRXJK LW LV WKH³SHUFHLYHGVLPLODULW\´ WR UHDOLW\ WKDW OHDGV WRPRGHOcredibility LH WUXVWZRUWKLQHVV
ZKLFKLVZKHQD³PDQDJHUDQGRWKHUNH\SURMHFWSHUVRQQHODFFHSW>LW@DVµFRUUHFW¶´
7KHLVVXHVUHODWHGWR WKHDUWLILFLDOGDWDIURPSHUIRUPDQFHPRGHOVRI³XQREVHUYDEOH´V\VWHPVDOVRDSSO\WR WKH
YDOXHPRGHOVLQWKHGHVLJQORRSVHH)LJ)RUWKHSXUSRVHVRIWKLVSDSHULWLVDVVXPHGWKDWDVWDNHKROGHU¶VYDOXHV
FDQQRWEHREVHUYHGE\GLUHFWPHDVXUHPHQW±PHDQLQJDQ\GDWDSURYLGHGE\DPHQWDORUFRQVWUXFWHGPRGHORIYDOXHV
HJXWLOLW\IXQFWLRQVHWRIUHTXLUHPHQWVLVDUWLILFLDOGDWDGLVFXVVHGIXUWKHULQ7KHUHIRUHZKHQGHDOLQJZLWK
DUWLILFLDO GDWD IURP WKH SHUIRUPDQFH PRGHOV DV ZHOO DV WKH YDOXH PRGHOV VWDNHKROGHUV DQG GHVLJQ HQJLQHHUV DUH
LQKHUHQWO\FRQFHUQHGZLWKWKHIROORZLQJTXHVWLRQV$UHWKHPRGHOVWUXWKIXO"'R,WUXVWWKHPRGHOV"
0RGHO3XUSRVHDQG0RGHO7\SH
)RU WKH UHPDLQGHU RI WKH SDSHU ± DQG LQ WKH FRQWH[W RI FRPSOH[ HQJLQHHULQJ V\VWHPV GHVLJQ ± WZR PHWD
GLPHQVLRQV RI PRGHOV DUH H[SORUHG PRGHO SXUSRVH DQG PRGHO W\SH 0RGHO SXUSRVH FDQ EH WR SUHGLFW WKH
performanceRIWKHV\VWHPLHSHUIRUPDQFHPRGHORUWKHvalueVWDNHKROGHUVDVVLJQWRWKDWSHUIRUPDQFHLHYDOXH
PRGHO DV UHIOHFWHG LQ )LJ 0RGHO W\SH GLIIHUHQWLDWHV EHWZHHQZKHUH WKH DEVWUDFWLRQ RI UHDOLW\ RU RI YDOXHV
UHVLGHV Dmental PRGHO ³UHSUHVHQWV HQWLWLHV DQG SHUVRQV HYHQWV DQG SURFHVVHV DQG WKH RSHUDWLRQV RI FRPSOH[
V\VWHPV´DQGUHVLGHVLQWKHPLQGDconstructed PRGHOLVDIRUPDOL]DWLRQRIRQHRUPRUHPHQWDOPRGHOVDQGLW
FDQUHVLGHIRUH[DPSOHLQDFRPSXWHUVLPXODWLRQRURQDSLHFHRISDSHULQWKHIRUPRIDGLDJUDP0HQWDOPRGHOV
DERXW UHDOLW\ DUH FUHDWHG DXWRPDWLFDOO\ WKURXJK SHUFHSWLRQ DQG FRJQLWLRQ ZKHUHDV FRQVWUXFWHG PRGHOV DUH
LQWHQWLRQDOO\FUHDWHG IRUZLGHVSUHDGDSSOLFDWLRQV VXFKDV V\VWHPG\QDPLFVPRGHOVRI FOLPDWHFKDQJH DGLVFUHWH
HYHQWVLPXODWLRQRIDVXUYHLOODQFHV\VWHPRUDV\VWHPRIGLIIHUHQWLDOHTXDWLRQVGHVFULELQJWKHGLIIXVLRQRIKHDWLQD
KRPRJHQHRXVERG\7KHVHPHWDGLPHQVLRQVRIPRGHOW\SHDVZHOODVPRGHOSXUSRVHDUHLOOXVWUDWHGLQ7DEOH

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Table1:Matrixillustratingdifferentkindsofmodels.
  3XUSRVH
  3HUIRUPDQFH 9DOXH
7\SH
0HQWDO
0HQWDO
SHUIRUPDQFH
PRGHO
0HQWDO
YDOXH
PRGHO
&RQVWUXFWHG
&RQVWUXFWHG
SHUIRUPDQFH
PRGHO
&RQVWUXFWHG
YDOXH
PRGHO

2.1. The Performance Models 
$VGLVFXVVHG LQ WKHSHUIRUPDQFHPRGHO IRU D V\VWHP LV DQDWWHPSW WR UHSUHVHQW VRPH UHOHYDQWSRUWLRQRI
UHDOLW\DQGSUHGLFWWKHRXWFRPHVRILQWHUHVWWKDWZLOORFFXULQWKDWSRUWLRQRIUHDOLW\$VQRWHGLQWKHPDWUL[DERYH
WZRGLVWLQFWW\SHVRISHUIRUPDQFHPRGHOVDUHSUHVHQWWKURXJKRXWWKHGHVLJQSURFHVVmental DQGconstructed PRGHOV
7KH ILUVW W\SH WKHPHQWDOPRGHO EHJLQVZLWK REVHUYDWLRQ RI H[LVWLQJ SK\VLFDO V\VWHPV DQG WKHLU SURSHUWLHV 7KH
PHQWDOPRGHORIHYHQWKHOHDVWFRPSOLFDWHGV\VWHPLVVHYHUHO\OLPLWHGKRZHYHUE\WKHLQKHUHQWERXQGHGUDWLRQDOLW\
RIKXPDQFRJQLWLRQ7KHVHJHQHUDOLQWXLWLRQVUHJDUGLQJDV\VWHP¶VSURSHUWLHVOHDGWRWKHFRQVWUXFWLRQRIPRGHOVRI
DOONLQGVHJDEVWUDFWSK\VLFDOFRPSXWHUVLPXODWLRQVWRSUHGLFWFDSWXUHDQGVWXG\WKHVSHFLILFLQWHUDFWLRQVDQG
EHKDYLRURIFRPSOH[V\VWHPV7KHFRQVWUXFWHGPRGHOIRUDV\VWHPWKXVEHFRPHVD³VWRUH´IRUDOOUHODWHGPRGHOVRI
UHDOLW\HJVWRFKDVWLFPRGHOVODZVRISK\VLFVFRVWPRGHOVHIIHFWLYHO\IRUPDOL]LQJKXPDQWKRXJKWDQGH[WHQGLQJ
WKHERXQGVRIKXPDQUDWLRQDOLW\
2.2. The Value Models 
7KHYDOXHPRGHOGLVFXVVHG LQ LVDQDWWHPSW WRFDSWXUH VWDNHKROGHUSUHIHUHQFHVRQSHUIRUPDQFH LH WKHLU
YDOXHV)LVFKRIIGLVFXVVHVDVSHFWUXPRISKLORVRSKLHVZLWKUHJDUGWRWKHQDWXUHDQGHOLFLWDWLRQRIYDOXHV
2QWKHRQHHQGRIWKHVSHFWUXPLVWKHSKLORVRSK\RIDUWLFXODWHGYDOXHVZKLFKDVVXPHVWKDWYDOXHVDUHVHOIHYLGHQWLQ
SHRSOH¶V FKRLFHV7KLVSKLORVRSK\ LV LQWULQVLF IRU H[DPSOH LQ VRPHYDOXDWLRQPHWKRGVXVHGE\ HFRQRPLVWV HJ
HPSLULFDOHVWLPDWHVRIDGHPDQGFXUYHRURIWKHYDOXHRIOLIH2QWKHRWKHUHQGRIWKHVSHFWUXPLVWKHSKLORVRSK\
RI EDVLF YDOXHV ZKLFK GHULYHV YDOXH PRGHOV IURP VRPH FRUH VHW RI YDOXHV WKURXJK DQ LQIHUHQWLDO SURFHVV HJ
LQWHUYLHZV7KLVSDSHUDVVXPHVDEDVLFYDOXHSKLORVRSK\DVLWEHVWDSSUR[LPDWHVD³UHTXLUHPHQWVEDVHG´DSSURDFK
FRPPRQ LQ V\VWHPVHQJLQHHULQJ$GGLWLRQDOO\ WKH ULVNVRI VXFKDQDVVXPSWLRQDUHSRWHQWLDOO\ OHVV LPSDFWIXO WRD
GHVLJQRXWFRPH WKDQ WKHDVVXPSWLRQRI DUWLFXODWHGYDOXHV)URP WKLV VWDQGSRLQW WKHSDSHU H[SORUHV WKH UHVXOWLQJ
UROH RI WKH PHQWDO PRGHOV DQG WKH FRQVWUXFWHG PRGHOV LQ DFFXUDWHO\ UHSUHVHQWLQJ VWDNHKROGHUV¶ YDOXHV 2WKHU
LQWHUPHGLDWHSRVLWLRQVH[LVWRQWKHVSHFWUXPVXFKDVWKDWRISDUWLDOSHUVSHFWLYHV
:LWK WKLVXQGHUVWDQGLQJDQGDVVXPSWLRQDYDOXHPRGHOFDQEHXVHG WRSUHGLFW WKHSUHIHUHQWLDORUGHURIGHVLJQ
DOWHUQDWLYHV6XFKDPRGHODVVXPHV WKDWVRPHDSSUR[LPDWLRQFDQEHFUHDWHG IRUDVWDNHKROGHU¶VEDVLFYDOXHV7KH
mental YDOXH PRGHO FDQ EH GHVFULEHG DV WKH VWDNHKROGHU¶V RZQ grasp RI ZKDW LV LPSRUWDQW WR WKHP DQG KRZ
LPSRUWDQWLWLVLHWKHGHFLVLRQPDNLQJFULWHULDDQGWKHLUUHVSHFWLYHZHLJKWVWKH\FDUU\IRUWKHGHFLVLRQ6LPLODUWR
WKHFDVHRISHUIRUPDQFHPRGHOVDconstructedYDOXHPRGHOFDQVWRUHRQHRUPRUHPHQWDOPRGHOVRIYDOXHV
:LWKLQ WKH FRQWH[W RI FRPSOH[ V\VWHP GHVLJQ WKHUH DUH XVXDOO\ WRR PDQ\ DOWHUQDWLYHV IRU D VWDNHKROGHU WR
HYDOXDWH ,Q DGGLWLRQ WKHPDQ\ GLPHQVLRQV RI YDOXH DQG WKHLU LQWHUDFWLRQV DUH RIWHQ EH\RQG WKH FDSDELOLW\ RI D
VWDNHKROGHU¶V PHQWDO YDOXH PRGHO GXH WR bounded valuation ± LH ERXQGHG UDWLRQDOLW\ DSSOLHG WR WKH
GHVFULSWLRQSUHGLFWLRQRISUHIHUHQFHV)RUWKHSUREOHPRIGHFLGLQJDPRQJWRRPDQ\DOWHUQDWLYHVDFRQVWUXFWHGYDOXH
PRGHOFDQVHUYHDVD³VWDQGLQ´IRUWKHVWDNHKROGHU¶VPHQWDOYDOXHPRGHOV6LPLODUO\IRUWKHSUREOHPRIERXQGHG
YDOXDWLRQ D FRQVWUXFWHGYDOXHPRGHO FDQ VHUYH DV D UHOLDEOHSUHGLFWRU IRU DSRWHQWLDOO\RYHUZKHOPHGRU FRQIXVHG
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VWDNHKROGHU([DPSOHVRIFRQVWUXFWHGYDOXHPRGHOVDUHFXVWRPHUYDOXHPRGHOVLQHFRQRPLFVLHDUHSUHVHQWDWLRQ
RI WKHZRUWK±LQPRQHWDU\WHUPV±RIZKDWDFRPSDQ\GRHVIRU LWVFXVWRPHUVRUPXOWLDWWULEXWHXWLOLW\IXQFWLRQV
IURPFODVVLFDOGHFLVLRQWKHRU\7KHFRQVWUXFWHGYDOXHPRGHO¶VUHOLDELOLW\LVFULWLFDOWRVXFFHVVLQV\VWHPGHVLJQIRU
DV+DOOSRLQWVRXW³WRGHVLJQWKHZURQJYDOXHV\VWHPLVWRGHVLJQWKHZURQJV\VWHP´
7KH7KUHH%RG\3UREOHP
7KHWZRW\SHVRIPRGHOVVKRZQLQ7DEOHPHQWDODQGFRQVWUXFWHGOHDGWRWKUHHNH\UHODWLRQVKLSVEHWZHHQWKH
HOHPHQWVXVHGLQWKHSHUIRUPDQFHPRGHODQGLQWKHYDOXHPRGHORIWKHGHVLJQORRS7KHWKUHHHOHPHQWVLQYROYHGLQ
WKHVHNH\UHODWLRQVKLSVLQFOXGHDPHQWDOPRGHODFRQVWUXFWHGPRGHODQGDUHIHUHQFHUHDOLW\RUEDVLFYDOXHV
3.1. Vis-à-vis Performance and Value Models 
)RUWKHSHUIRUPDQFHPRGHOXVHGLQWKHGHVLJQORRSVHH)LJWKHWKUHHHOHPHQWVLH³ERGLHV´LQYROYHGDUH
FRQVWUXFWHG PRGHO PHQWDO PRGHO DQG D UHIHUHQFH SRLQW EHLQJ reality 7KH WKUHHERG\ SUREOHP WKXV IRUPHG LV
GHSLFWHG EHORZ LQ )LJ DZKHUHǻ3 DQGǻ3 UHSUHVHQW 6LPRQ¶V ³HVVHQWLDO GLIIHUHQFH´ RI WKHPHQWDOPRGHO DQG
FRQVWUXFWHGPRGHOIURPUHDOLW\ UHVSHFWLYHO\$VGLVFXVVHG LQDQGFRQVWUXFWHGSHUIRUPDQFHPRGHOVDUH
IRUPHG WR H[WHQG WKHERXQGVRIKXPDQ UDWLRQDOLW\ ,Q WKH FRQWH[WRI)LJD FODVVLFPRGHOYDOLGDWLRQ LV WKHQ WKH
SURFHVVRI UHGXFLQJǻ3 LH LQFUHDVLQJ WUXWKIXOQHVV6LQFH WKHUHIHUHQFHRI UHDOLW\ LVREMHFWLYH±DOEHLWFKDQJLQJ
HJ JHRSROLWLFDO VKLIWV WHFKQRORJ\ DGYDQFHPHQW ± WKH FRQVWUXFWHGPRGHO FDQ EHPRGLILHG LQ RUGHU WR ³EHWWHU´
DSSUR[LPDWH UHDOLW\ ZLWK UHVSHFW WR WKRVHDVSHFWVGHHPHG UHOHYDQW2QFH WKHGLIIHUHQFHEHWZHHQ WKHFRQVWUXFWHG
PRGHODQGUHDOLW\LVVPDOOHQRXJKLHWKHFRQVWUXFWHGPRGHOLVWUXWKIXOWKHFRQVWUXFWHGPRGHOFDQEHFRQILGHQWO\
XVHGWRXSGDWHWKHPHQWDOPRGHORIUHDOLW\UHGXFLQJǻ3EHWZHHQFRQVWUXFWHGPRGHODQGPHQWDOPRGHO$VDUHVXOW
WKLVLPSOLHVDUHGXFWLRQLQǻ3EHWZHHQWKHXSGDWHGPHQWDOPRGHODQGUHDOLW\
,QWKHFDVHRIYDOXHPRGHOVWKHUHIHUHQFHSRLQWLVEDVLFYDOXHVZLWKZKLFKWKHPHQWDOPRGHODQGWKHFRQVWUXFWHG
PRGHO LQWHUDFW$VPHQWLRQHG LQ  WKLV SDSHU DVVXPHV D EDVLF YDOXHV SKLORVRSK\ RQ YDOXH HOLFLWDWLRQZKLFK
OHDGVWRWKHWKUHHERG\SUREOHPLOOXVWUDWHGLQWKHGLDJUDPRI)LJE7KHGHFLVLRQPDNHUKROGVDVHWRIFRUHEDVLF
YDOXHVDQGZKHQDGHFLVLRQQHHGVWREHPDGHKHRUVKHDWWHPSWVWRIRUPXODWHDPHQWDOPRGHORIKLVRUKHUYDOXHV
WKDWZLOOEHXVHGWRPDNHVXFKGHFLVLRQ7KLVPHQWDOPRGHOFDQYDU\LQFRPSOH[LW\DQGVRSKLVWLFDWLRQ.DKQHPDQ
 GHVFULEHV WZR GLIIHUHQW ZD\V LQ ZKLFK D PHQWDO PRGHO FDQ EH IRUPHG IDVW DXWRPDWLF HPRWLRQDO DQG


$OWKRXJKDEDVLFYDOXHVSKLORVRSK\LVDVVXPHGLQ WKHFRQWH[WRI WKLVSDSHU WKH ODUJHU UHVHDUFKHIIRUWDWWHPSWV WRIUDPHWKHVDPHPRGHO
UHODWHGGHFLVLRQPDNLQJSUREOHPVZKHQDQDUWLFXODWHGYDOXHRUSDUWLDOSHUVSHFWLYHSKLORVRSK\DUHDGRSWHGDVZHOO
Fig.2.ThreeͲbodyproblemfor(a)performancemodelsand(b)valuemodels.Thedeltasindicatetheamountof“essentialdifference”
betweenthevariouselements,withthearrowsrepresentingthedistance.Thestarreddeltaindicatestheimpossibilityofdirectcomparison
andcontrol,sinceValuesareonlyaccessiblethroughstakeholders’MentalModels.
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VXEFRQVFLRXV6\VWHP,RUVORZHIIRUWIXOORJLFDODQGFRQVFLRXV6\VWHP,,)XUWKHUPRUHLWPD\DOVREHWKHFDVH
WKDWWKHGHFLVLRQPDNHULVXQDEOHWRH[SUHVVKLVRUKHUYDOXHVRQDJLYHQGHFLVLRQDQGQHLWKHU6\VWHP,QRU6\VWHP,,
FDQKHOS
)RUFRPSOH[GHFLVLRQVHPSOR\LQJPXOWLSOHREMHFWLYHVDQGDYDULHW\RIGHFLVLRQFULWHULDDVZHOODVDPXOWLWXGHRI
DOWHUQDWLYHVWRFKRRVHIURPWKHGHFLVLRQPDNHUFDQGHFLGHWREXLOGDFRQVWUXFWHGPRGHORIYDOXHVFRQVWUXFWHGZLWK
WKH KHOS RI 6\VWHP ,,W\SH PHQWDO PRGHOV $ FRQVWUXFWHG PRGHO H[WHQGV GHFLVLRQ PDNHUV¶ ERXQGHG YDOXDWLRQ
VLPLODUWRWKHFRQVWUXFWHGSHUIRUPDQFHPRGHOH[WHQGLQJERXQGHGUDWLRQDOLW\,WFDSWXUHVGHFLVLRQPDNHUV¶YDOXHV
E\DXJPHQWLQJWKHPHQWDOPRGHO¶VFDSDELOLWLHV±ZKHWKHUE\VDYLQJWLPHLQQXPHURXVHYDOXDWLRQVRUE\H[WHQGLQJ
WKHERXQGVRIYDOXDWLRQ,QWKHFDVHRIWKHYDOXHPRGHOVVLQFHYDOXHVDUHQRWGLUHFWO\REVHUYDEOHǻ9LQ)LJELV
DOVR XQREVHUYDEOH 7KHUHIRUH XQOLNH WKH FRQVWUXFWHG SHUIRUPDQFH PRGHO DQG UHDOLW\ WKHUH LV QR SRVVLELOLW\ RI
YDOLGDWLQJWKHFRQVWUXFWHGYDOXHPRGHOGLUHFWO\ZLWKUHVSHFWWRYDOXHV5DWKHURQHDOZD\VDFFHVVHVWKHDFWXDOYDOXHV
WKURXJKWKHVWDNHKROGHU¶VPHQWDOPRGHORIYDOXHV7KHXOWLPDWHJRDORIWKHFRQVWUXFWLRQRIDYDOXHPRGHOLVWRDOORZ
WKHVWDNHKROGHUWREHWWHUXQGHUVWDQGKLVKHURZQYDOXHVLHORZǻ9ZKLFKFDQEHHQDEOHGE\DORZǻ9DQGǻ9
'LIILFXOWLHV DULVH LQ DQ\ DWWHPSW WR UHGXFH WKH ǻ¶V SUHVHQW LQ ERWK WKH SHUIRUPDQFH DQG YDOXHPRGHOV ,Q WKH
SHUIRUPDQFH PRGHO EDUULHUV WR UHGXFLQJ ǻ3 LH FRQVWUXFWHG PRGHO YDOLGDWLRQ LQFOXGH ODFN RI H[SHULHQFH RU
H[LVWHQFHRIDSSURSULDWHDEVWUDFWLRQVHJPRGHOLQJIOXLGG\QDPLFVEHIRUHWKHLQFHSWLRQRIFDOFXOXVZKLFKOHDGVWR
XQWUXWKIXO FRQVWUXFWHG SHUIRUPDQFH PRGHOV %DUULHUV WR UHGXFLQJ ǻ3 LQFOXGH D ODFN RI WUXVW LQ WKH FRQVWUXFWHG
SHUIRUPDQFH PRGHO %DUULHUV WR UHGXFLQJ ǻ3 LQFOXGH WKH ERXQGHG UDWLRQDOLW\ RI VWDNHKROGHUV WR JUDVS FRPSOH[
V\VWHPV,QWKHYDOXHPRGHOEDUULHUVWRUHGXFLQJǻ9DUHcognitive biases±VXFKDVDQFKRULQJRUDYDLODELOLW\ELDVHV
±DVZHOODVbounded valuation%DUULHUVWRUHGXFLQJǻ9DUHexplanationUHODWHGbiasesZKLFKDULVHIRUH[DPSOH
ZKHQWU\LQJWRHOLFLWXWLOLW\IXQFWLRQVIURPVWDNHKROGHUVWKURXJKLQWHUYLHZVRULIWU\LQJWRLQIHUWKHSULFHYDOXHRID
JRRGWKURXJKHPSLULFDOREVHUYDWLRQRIWKHPDUNHW7KH\FDQDOVRDULVHGXHWRELDVHVSUHVHQWLQFKRRVLQJDSDUWLFXODU
YDOXH PRGHO RYHU DQRWKHU FKRRVLQJ XWLOLW\ IXQFWLRQV WR UHSUHVHQW D VWDNHKROGHU¶V YDOXHV PD\ OHDG WR GLIIHUHQW
UHVXOWVWKDQLIXVLQJDQ$+3PRGHO)LQDOO\VLQFHǻ9FDQRQO\EHLQGLUHFWO\REVHUYHGWKURXJKǻ9DQGǻ9WKH
EDUULHUVWRUHGXFLQJǻ9LQFOXGHWKHEDUULHUVLQKHUHQWWRUHGXFLQJǻ9DQGǻ9
3.2. Trust and Truthfulness of Performance and Value Models 
,QWKHFRQWH[WRIV\VWHPGHVLJQDJRRGGHFLVLRQLVRQHEDVHGRQDWUXVWHGWUXWKIXOUHSUHVHQWDWLRQRIERWKUHDOLW\
DQGYDOXHV,QSHUIRUPDQFHPRGHOVWKHFRQFHSWRIWUXVWLVUHODWHGWRKRZVPDOOǻ3LVSHUFHLYHGWREH7KHFRQFHSW
RIWUXWKIXOQHVVLVUHODWHGWRKRZFORVHWKHFRQVWUXFWHGPRGHODFWXDOO\LVWRUHDOLW\LHǻ37KHWKUHHERG\SUREOHP
GHVFULEHGLQOHDGVWR WKHPDWUL[VKRZQLQ7DEOHIRUSHUIRUPDQFHPRGHOVZKLFKUHIOHFWV WKHFRPSDULVRQRI
ERWKWKHSHUFHLYHGDQGWKHDFWXDOFRQVWUXFWHGPRGHOWRUHDOLW\
Table2:Trustandmistrustintheperformancemodel.
  &RQVWUXFWHG0RGHOY5HDOLW\
  /RZǻ 
WUXWKIXO
+LJKǻ
3HUFHLYHG
&RQVWUXFWHG0RGHO
Y
5HDOLW\
/RZǻ 
WUXVW 
&RUUHFW7UXVW
7UXVWSUHVHQW&RUUHFW
UHSUHVHQWDWLRQRIUHDOLW\
7\SH,HUURU
7UXVWSUHVHQW,QFRUUHFW
UHSUHVHQWDWLRQRIUHDOLW\
+LJKǻ
7\SH,,HUURU
7UXVWQRWSUHVHQW&RUUHFW
UHSUHVHQWDWLRQRIUHDOLW\
-XVWLILHG0LVWUXVW
7UXVWQRWSUHVHQW,QFRUUHFW
UHSUHVHQWDWLRQRIUHDOLW\


7KH WUDGLWLRQDO HDUO\ V\VWHP GHVLJQ SURFHVV FRQVLVWV RI YDOLGDWLQJ FRQVWUXFWHG SHUIRUPDQFH PRGHOV DQG WKH
PDWUL[GHVFULEHVWKHSRVVLEOHRXWFRPHVRIWKLVSURFHVV7KHWRSOHIWTXDGUDQWRIWKHPDWUL[LVWKHGHVLUDEOH RXWFRPH
RIWKHPRGHOFRQVWUXFWLRQYDOLGDWLRQSURFHVV7KHUHH[LVWWKUHHRWKHUSRWHQWLDORXWFRPHVWRVXFKDFWLYLWLHVKRZHYHU
UDQJLQJ IURP MXVWLILHGPLVWUXVW RI DQXQWUXWKIXOPRGHO ERWWRP ULJKW WR DQXQWUXVWHGEXW WUXWKIXOPRGHO ERWWRP
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OHIW WR D WUXVWHG DQG XQWUXWKIXO PRGHO XSSHU ULJKW 7KHVH RXWFRPHV DUH DQDORJRXV WR QXOO K\SRWKHVLV WHVWV LQ
VWDWLVWLFVZLWKDVVRFLDWHGHUURUVRIFRQFOXVLRQ
,Q WKHFRQWH[WRI V\VWHPVGHVLJQRQFH WKHPHQWDO DQGFRQVWUXFWHGSHUIRUPDQFHPRGHOVKDYHFRQYHUJHG WR WKH
XSSHUURZRI7DEOHLH WKHSHUIRUPDQFHPRGHOVDUHWUXVWHG WKHRXWSXWVRIWKHFRQVWUXFWHGSHUIRUPDQFHPRGHO
FDQEHSURFHVVHGE\WKHYDOXHPRGHOV:KLOHWKHSHUIRUPDQFHPRGHOVERWKPHQWDODQGFRQVWUXFWHGUHFHLYHJUHDW
DWWHQWLRQLQWKHWUDGLWLRQDOGHVLJQSURFHVVWKHVDPHFDQQRWEHVDLGRIYDOXHPRGHOV+RZHYHUGHFLVLRQVXOWLPDWHO\
UHVWRQYDOXHPRGHOV±ZKHWKHUH[SOLFLWO\ZLWKFRQVWUXFWHGYDOXHPRGHOVRULPSOLFLWO\ZLWKPHQWDOPRGHOVWKDWDUH
DVVXPHGWUXWKIXO6LPLODUWRWKHSHUIRUPDQFHPRGHOWKHWKUHHERG\SUREOHPRIYDOXHPRGHOGHVFULEHGLQOHDGV
WRWKHPDWUL[VKRZQLQ7DEOH8QOLNHWKHSHUIRUPDQFHPRGHOLWLVQRWSRVVLEOHWRFRPSDUHWKHFRQVWUXFWHGYDOXH
PRGHOGLUHFWO\WRXQREVHUYDEOHYDOXHVFI7KHNH\GLIIHUHQFHLVWKDWWKHFRQVWUXFWHGYDOXHPRGHOLVYDOLGDWHG
WKURXJKFRPSDULVRQWRWKHPHQWDOYDOXHPRGHOWKHRQO\DFFHVVWRYDOXHVWKHVDPHHQWLW\UHVSRQVLEOHDOVRIRUWUXVW
LQWKHFRQVWUXFWHGPRGHO,QRWKHUZRUGVGHWHUPLQLQJWUXVWDQGWUXWKIXOQHVVERWKUHTXLUHWKHVDPHHQWLW\±LHWKH
PHQWDOYDOXHPRGHO7KHUHIRUHGHFUHDVLQJWKHGLVWDQFHǻ9FDQGHFUHDVHWKHGLVWDQFHEHWZHHQWKHFRQVWUXFWHGYDOXH
PRGHODQGWKHYDOXHVWKHPVHOYHVVLPXOWDQHRXVO\LQFUHDVLQJWKHWUXWKIXOQHVVRIDQGWUXVWLQWKHFRQVWUXFWHGPRGHO
,QSUDFWLFHLWLVRIWHQDVVXPHGWKDWVWDNHKROGHUV¶YDOXHVDUHVHOIHYLGHQWLHDUWLFXODWHGVHH)LVFKRIIRUWKDW
VRPH SUHOLPLQDU\ FRQVWUXFWHG PRGHO RI YDOXHV HJ XWLOLW\ FXUYH LV YDOLG WKURXJKRXW WKH GHVLJQ SURFHVV
&RQVWUXFWHGPRGHOVRIYDOXHVFRXOGLQFOXGHVHWVRIUHTXLUHPHQWVLIDVWDNHKROGHUEHOLHYHVWKDWWKH\QHHGDFHUWDLQ
OHYHORISHUIRUPDQFHRIWKHV\VWHP:KHQGHDOLQJZLWKFRQVWUXFWHGYDOXHPRGHOVDQDO\VWVDQGGHFLVLRQPDNHUVWHQG
WRLPSOLFLWO\WUXVWWKHYDOXHPRGHOVWKH\KDYHFUHDWHGZKHWKHUXWLOLW\RUUHTXLUHPHQWVEDVHGULVNLQJD7\SH,HUURU
7\SH , HUURUV LQ WKLV FDVHZRXOGRFFXUZKHQFRJQLWLYHELDVHV DUHSUHVHQW LQ WKHPHQWDOPRGHORIYDOXHV DQG WKH
WUXVWHG FRQVWUXFWHG PRGHO UHIOHFWV WKRVH ELDVHV RU ZKHQ D VWDNHKROGHU VHWV UHTXLUHPHQWV LQDSSURSULDWHO\ $Q
DFFHSWDEOHVLWXDWLRQ LVDJDLQ WKH ORZHU ULJKWTXDGUDQWRI WKHPDWUL[ZKHUHQRWPDNLQJDQ\GHFLVLRQ LV MXVWLILDEOH
7\SH ,, HUURUV FDQRFFXUZKHQ WKHPHQWDO YDOXHPRGHO LV D WUXWKIXO UHSUHVHQWDWLRQRIYDOXHV EXW WKH FRQVWUXFWHG
PRGHO DQG PHQWDO PRGHO DUH GLYHUJHQW HJ H[SODQDWLRQ ELDVHV YDOXH PRGHO VHOHFWLRQ ELDVHV 7KH GHVLUDEOH
VLWXDWLRQLVDJDLQWKHWRSOHIWTXDGUDQWZKHUHWKHPHQWDOYDOXHPRGHOLVQRWELDVHGDQGWKHFRQVWUXFWHGPRGHOLVD
WUXWKIXOUHSUHVHQWDWLRQRIWKHPHQWDOPRGHORIYDOXH6LQFHǻ9DQGǻ9DUHUHGXFHGǻ9UHGXFWLRQLVDOVRDFKLHYHG
Table3:TrustandTruthfulnessinvaluemodels.
  0HQWDO0RGHOY9DOXHV
  /RZǻ 
WUXWKIXO
+LJKǻ
&RQVWUXFWHG0RGHO
Y
0HQWDO0RGHO
/RZǻ 
WUXVW
&RUUHFW7UXVW
7UXVWSUHVHQW&RUUHFW
UHSUHVHQWDWLRQRIYDOXHV
7\SH,HUURU
7UXVWSUHVHQW,QFRUUHFW
UHSUHVHQWDWLRQRIYDOXHV
+LJKǻ
7\SH,,HUURU
7UXVWQRWSUHVHQW&RUUHFW
UHSUHVHQWDWLRQRIYDOXHV
-XVWLILHG0LVWUXVW
7UXVWQRWSUHVHQW,QFRUUHFW
UHSUHVHQWDWLRQRIYDOXHV

3.3. Interactive Visualization for Delta Reductions in the Value Models 
&RQVLGHULQJWKHPDWUL[LOOXVWUDWHGLQ7DEOHWKHJRDOLVWRHQGXSLQWKHXSSHUOHIWTXDGUDQWZKLFKLPSOLHVWKH
UHGXFWLRQRIERWKǻ9DQGǻ9 DQG WKHPDNLQJRI DJRRGGHFLVLRQ6HYHUDOPHWKRGVH[LVW IRU UHGXFLQJǻ9 HJ
UHGXFLQJFRJQLWLYHELDVHVZKHQDEDVLFYDOXHVSKLORVRSK\LVDVVXPHG2QHSURSRVHGPHWKRGLVWRDOORZDSHUVRQWR
VLPXODWH³DFWXDOO\´PDNLQJDGHFLVLRQEHWZHHQDOWHUQDWLYHVDQGWKHQQRWHDQ\UHJUHWVWKDWWKH\PD\KDYHDERXWWKHLU
FKRLFH$QRWKHUPHWKRG LV WR DOORZ WKHP WR FRQVLGHU WKH UDPLILFDWLRQV RI WKHLU H[SUHVVHG LHPHQWDOPRGHO RI
YDOXHVIRUPDQ\GLIIHUHQWVLWXDWLRQVDQGRXWFRPHVHJPXOWLFULWHULDGHFLVLRQDQDO\VLVPHWKRGVVXFKDV0$7(
$WKLUGPHWKRGPLJKWEHWRGLUHFWO\GLVFXVVDQGXQFRYHUELDVHVWKDWVNHZDSHUVRQ¶VXQGHUVWDQGLQJRIKLVKHUDFWXDO
YDOXHVHJDQFKRULQJDYDLODELOLW\)XUWKHUPRUHLWLVSRVVLEOHWRLQWURGXFHGHFLVLRQPDNHUVWRQHZDWWULEXWHVWKDW
WKH\KDGQRW\HWFRQVLGHUHG
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/LNHZLVHPHWKRGVH[LVWIRUUHGXFLQJǻ9LHEXLOGLQJWUXVWZKHQDEDVLFYDOXHVSKLORVRSK\LVDVVXPHG2QH
PHWKRG LV D ULJRURXV LQWHUYLHZSURFHVV IRU WKH FRQVWUXFWLRQ RI XWLOLW\ IXQFWLRQVZKLFK UHGXFH IUDPLQJ DQG RWKHU
ELDVHV WKDW PD\ EH SUHVHQW LQ VWDQGDUG UHTXLUHPHQWVDVYDOXHVWDWHPHQWV DSSURDFKHV $QRWKHU PHWKRG LV GLUHFW
FRPSDULVRQRIDSHUVRQ¶VUDQNHGOLVWRIDOWHUQDWLYHVZLWKDUDQNHGOLVWSURGXFHGE\FRQVWUXFWHGYDOXHPRGHOVHJ
XWLOLW\EDVHGUDQNLQJV)XUWKHUPRUH LW LVSRVVLEOH WRFRPSDUH WKH UDQNHG OLVWVRIDOWHUQDWLYHVSURGXFHGE\ WZRRU
PRUHGLIIHUHQWFRQVWUXFWHGYDOXHPRGHOV
,QWKLVSDSHUWKHDXWKRUVK\SRWKHVL]HWKDWLQWHUDFWLYHYLVXDOL]DWLRQFDQIDFLOLWDWHWKHVHPHWKRGVIRUWKHUHGXFWLRQ
RIǻ9DQGǻ9WKURXJKDQLWHUDWLYHSURFHVV7KLVSURFHVVZRXOGFRQVLVWRIGLVSOD\LQJDFRQVWUXFWHGYDOXHPRGHO
DORQJVLGH LWV RXWFRPHV HJ UDQNHG OLVW RI GHVLJQ DOWHUQDWLYHV  DOORZLQJ UHDOWLPH PRGLILFDWLRQV WR WKH
FRQVWUXFWHGPRGHO HJ VLPXODWLQJGLIIHUHQWVHWVRISUHIHUHQFHVDQGSURYLGLQJ LQVWDQW IHHGEDFNRQ WKHQHZO\
FKDQJHGFRQVWUXFWHGPRGHODVZHOODVSURYLGLQJFRPSDULVRQRIWKHQHZUHVXOWVZLWKSUHYLRXVUHVXOWV(DFKRIWKHVH
VWHSV SRWHQWLDOO\ DOORZV D XVHU WR VLPXODWHPDNLQJ D GHFLVLRQ REVHUYH WKHLUPHQWDOPRGHO RI YDOXHV SURSDJDWLQJ
WKURXJKRXW WKHGHVLJQVSDFHWRHDFKDOWHUQDWLYHGLVFRYHUELDVHGUHJLRQVRI WKHLUPHQWDOPRGHODQGFRPSDUH WKHLU
H[SHFWDWLRQVRISUHIHUUHGGHVLJQVZLWKWKHFRQVWUXFWHGPRGHO¶VSUHGLFWLRQ$VDUHVXOWRIHIILFLHQWO\HQDEOLQJDOORI
WKHVHEHKDYLRUVLQWHUDFWLYHYLVXDOL]DWLRQFRXOGSURYLGHDQHIIHFWLYHPHDQVIRUUHOLDEO\UHSUHVHQWLQJDVWDNHKROGHU¶V
DFWXDOYDOXHVWKURXJKERWKPHQWDODQGFRQVWUXFWHGPRGHOV
,Q WKHFRQWH[WRI WKHPDWUL[VKRZQLQ7DEOH WKLV LWHUDWLYHSURFHVVWKURXJK LQWHUDFWLYHYLVXDOL]DWLRQRIGHOWD
UHGXFWLRQVMXVWGHVFULEHGWUDFHVDFORFNZLVHWUDMHFWRU\UHJDUGOHVVRIWKHVWDUWLQJORFDWLRQ)RUH[DPSOHLIWKHLQLWLDO
FRQVWUXFWHG YDOXHPRGHO LV WUXWKIXO EXW XQWUXVWHG WKH VWDNHKROGHU ULVNV D 7\SH ,, HUURU LQ WKH GHFLVLRQ RXWFRPH
,QWHUDFWLYHYLVXDOL]DWLRQDOORZVDVWDNHKROGHUWRREVHUYHWKHFRQVWUXFWHGPRGHO¶VSUHGLFWLRQVDQGFRPSDUHWKHPZLWK
KLVPHQWDOPRGHO WKXV EXLOGLQJ WUXVW LQ WKH FRQVWUXFWHGPRGHO DQG SXVKLQJ WKH RXWFRPH WRZDUG WKH WRS OHIW ± D
FRQVWUXFWHG YDOXHPRGHO WKDW LV ERWK WUXVWHG DQG WUXWKIXO $OWHUQDWLYHO\ LI WKH LQLWLDO FRQVWUXFWHG YDOXHPRGHO LV
XQWUXWKIXO DQG XQWUXVWHG LQWHUDFWLYH YLVXDOL]DWLRQ ZLOO DOWHUQDWHO\ DOORZ FKDQJLQJ WKH FRQVWUXFWHG PRGHO DQG
LPPHGLDWHO\WHVWLQJWKRVHFKDQJHVVRWRXSGDWHWKHPHQWDOPRGHOWKHUHE\EXLOGLQJWKHWUXWKIXOQHVVILUVWDQGWKHWUXVW
VHFRQG7KHWUDMHFWRU\ZLOOILUVWPRYHWRZDUGWKH7\SH,,HUURUZKLFKDVDOUHDG\GLVFXVVHGZLOOTXLFNO\FRQYHUJHWR
WKHGHVLUDEOHRXWFRPHRIDFRQVWUXFWHGPRGHOWKDWLVERWKWUXVWHGDQGWUXWKIXO)LQDOO\LIWKHLQLWLDOFRQVWUXFWHGYDOXH
PRGHO LVXQWUXWKIXOEXW WUXVWHG WKH VWDNHKROGHU ULVNVD7\SH , HUURU LQ WKHGHFLVLRQRXWFRPH7KURXJK LQWHUDFWLYH
YLVXDOL]DWLRQWKHHUURUVZLOOTXLFNO\EHFRPHFOHDUDVDOUHDG\GLVFXVVHGLPPHGLDWHO\FDXVLQJSURSHUPLVWUXVWRIWKH
FRQVWUXFWHGPRGHO SXVKLQJ WKH RXWFRPH WRZDUG WKHERWWRP ULJKWTXDGUDQW)URP WKHUH WKH LWHUDWLYH SURFHVVZLOO
IROORZWKHFORFNZLVHWUDMHFWRU\HQGLQJLQDFRQVWUXFWHGPRGHOWKDWLVERWKWUXVWHGDQGWUXWKIXO
3.4. Case Demonstration 
,QWKLVVHFWLRQDGHFLVLRQDERXWWKHGHVLJQRID6SDFH7XJV\VWHPLVXVHGDVDFDVHGHPRQVWUDWLRQRISDUWRIWKH
LQWHUDFWLYHSURFHVVGHVFULEHGLQ7KH6SDFH7XJV\VWHPLVDK\SRWKHWLFDOVDWHOOLWHVHUYLFHUWHQGHUSURSRVHGWR
SHUIRUPYDULRXVPLVVLRQV LQRUELW DURXQG WKH(DUWK7KHYLVXDOL]DWLRQ WRROXVHG IRU WKH FDVHGHPRQVWUDWLRQZDV
FUHDWHGZLWKZHEWHFKQRORJLHV'-DYDVFULSW+70/&66DQGLWUXQVLQZHEEURZVHUVVXFKDV*RRJOH&KURPHDQG
0R]LOOD)LUHIR[7KHWRROSUHVHQWVDWUDGHVSDFHRIGHVLJQVZLWKFRVWRQWKH[D[LVDQGPXOWLDWWULEXWHXWLOLW\0$8
RQ WKH \D[LV)XUWKHUPRUH LW IHDWXUHV DPRGLILDEOH VHW RI VWDNHKROGHUSUHIHUHQFHV VLQJOH DWWULEXWHXWLOLW\ FXUYHV
6$8 RYHU GHVLJQ SHUIRUPDQFH ± LH D FRQVWUXFWHG PRGHO RI YDOXH 0RYLQJ DQFKRU SRLQWV RQ WKH LQGLYLGXDO
SUHIHUHQFHFXUYHVWULJJHUVDUHFDOFXODWLRQRIWKH0$8ZKLFKLVLPPHGLDWHO\UHIOHFWHGRQWKHWUDGHVSDFHWKURXJKD
VPRRWK ' WUDQVLWLRQ ,QGLYLGXDO GHVLJQV RQ WKH WUDGHVSDFH FDQ EH VHOHFWHG IRU IXUWKHU LQTXLU\ DQG WKHLU
SHUIRUPDQFHOHYHOVDUHDOVRGLVSOD\HGDVYHUWLFDOOLQHVRQHDFKDWWULEXWH¶VVLQJOHDWWULEXWHXWLOLW\SORW
,Q RUGHU WR SHUIRUP WKH 6SDFH 7XJ FDVH GHPRQVWUDWLRQ D SUHYLRXVO\ FRQVWUXFWHG SK\VLFVEDVHG SHUIRUPDQFH
PRGHO RI WKH V\VWHP KDV EHHQ XVHG 8VLQJ WKLV PRGHO RYHU  GLIIHUHQW 6SDFH 7XJ GHVLJQV DUH HYDOXDWHG
)XUWKHUPRUHDSHUVRQIDPLOLDUZLWKWKH6SDFH7XJVWXG\KDVEHHQXVHGDVDSUR[\VWDNHKROGHUIRUWKHSXUSRVHVRI
WKLV UHSUHVHQWDWLRQDOGHPRQVWUDWLRQ)RU WKHVDNHRIVLPSOLFLW\RQO\ WZRSHUIRUPDQFHDWWULEXWHVKDYHEHHQFKRVHQ
RYHU ZKLFK WKH VWDNHKROGHU FRXOG VWDWH KLV SUHIHUHQFHV 6SHHG DQG DYDLODEOH 'HOWD 9 $IWHU D ILUVWRUGHU YDOXH
HOLFLWDWLRQDQG6LQJOH$WWULEXWH8WLOLW\6$8FXUYHVFRQVWUXFWLRQDQLQLWLDOWUDGHVSDFHZDVGHULYHG)LJDVKRZV
WKLV LQLWLDO WUDGHVSDFH RI GLIIHUHQW 6SDFH 7XJ GHVLJQV HDFK SRLQW LV D GLVWLQFW GHVLJQ DOWHUQDWLYH DVZHOO DV WKH
VWDNHKROGHUSUHIHUHQFHV6$8FXUYHVDVVRFLDWHGZLWKWKLVWUDGHVSDFH
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7KH VWDNHKROGHU ZDV DOORZHG WR LQWHUDFW ZLWK WKH WUDGHVSDFH WKH LQVWDQW IHHGEDFN RI LQIRUPDWLRQ DERXW WKH
GHVLJQVDOORZHGKLP WRHIILFLHQWO\FRPSDUHDQGFRQWUDVW WKHP WKHUHE\JDLQLQJ LQVLJKWVDERXW WKH WUDGHV LQYDOXH
$IWHUVRPHWLPHWKHVWDNHKROGHULGHQWLILHGDGHVLJQZLWKIDYRXUDEOH'HOWD9DQGPRUHWKDQDGHTXDWH6SHHGVKRZQ
DVDODUJHUSRLQWLQ)LJDKRZHYHUWKLVGHVLJQZDVVXERSWLPDOLHIDUIURPWKH3DUHWRIURQWLHURIEHVW0$8IRU
FRVW)XUWKHULQYHVWLJDWLRQPDGHKLPUHDOL]HWKDWKHZRXOGSUHIHUWKLVGHVLJQWRPDQ\RWKHUVWKDWZHUHFORVHUWRWKH
3DUHWRIURQWLHU7KLVHYHQWFDXVHGKLPWRVWDUWGRXEWLQJWKHSUHYLRXVO\GHULYHGYDOXHPRGHOLH6$8FXUYHVKHQFH
GHFUHDVLQJKLVWUXVWLQLW,QWHUPVRIWKHPDWUL[LQ7DEOHWKLVSURFHVVSUHYHQWHGWKHVWDNHKROGHUIURPFRPPLWWLQJD
7\SH,HUURUSODFLQJKLPLQWKH³MXVWLILHGPLVWUXVW´TXDGUDQWRIWKHPDWUL[PRYHPHQWLOOXVWUDWHGLQ)LJDWR)LJ
E$WWKLVSRLQWWKHVWDNHKROGHUVWDUWHGWRLQWHUDFWZLWKWKHLQLWLDOSUHIHUHQFHVRYHUSHUIRUPDQFHVKRZQLQ)LJD
+H VRRQ UHDOL]HG WKDW KLV VWDWHG SUHIHUHQFHV RYHU 6SHHG ZHUH QRW DFFXUDWH GXH WR DQ DYDLODELOLW\ ELDV WRZDUG
SUHYLRXVV\VWHPVKHFDUHGPRUHDERXWGHVLJQVZLWKKLJKHU6SHHGOHYHOVDQGWKHFXUUHQWSUHIHUHQFHVJDYHWRRKLJK
XWLOLW\WRORZHU6SHHGGHVLJQV%\LQWHUDFWLYHO\PRGLI\LQJWKH6$8FXUYHIRU6SHHGWKHVWDNHKROGHUDUULYHGDWDQHZ
6$8FXUYHVKRZQLQ)LJE7KLV6$8FXUYHJLYHVPRUHPDUJLQDOYDOXHWRKLJKHUVSHHGGHVLJQVPRUHDFFXUDWHO\
UHIOHFWLQJWKHVWDNHKROGHU¶VSUHIHUHQFHVSXVKLQJKLPWRWKHERWWRPOHIWTXDGUDQWRIWKHPDWUL[LQ7DEOH±LH)LJ
FDPRUHWUXWKIXOPRGHOEXWQRW\HWWUXVWHG7KHXSGDWHGWUDGHVSDFHLVVKRZQLQ)LJE7KHLQLWLDOGHVLJQLVQRZ
SDUW RI WKH 3DUHWR HIILFLHQW IURQWLHU ZKLFK LQFUHDVHV VWDNHKROGHU WUXVW LQ WKH QHZ YDOXH PRGHO 0RUHRYHU WKH
VWDNHKROGHU FRQWLQXHG WR LQWHUDFWZLWK WKHQHZ WUDGHVSDFH IXUWKHUEXLOGLQJ WUXVW LQ WKH FXUUHQWYDOXHPRGHO7KLV
SURFHVV ILQDOO\ OHG WKH VWDNHKROGHU WR WUXVWLQJ WKH UHYLVHG XWLOLW\ FXUYHV DV D PRUH WUXWKIXO UHSUHVHQWDWLRQ RI KLV
YDOXHVKHQFHODQGLQJLQWKHWRSOHIWFRUQHURIWKHPDWUL[LQ7DEOH±LHPRYHPHQWIURP)LJFWR)LJG±DQG
OHDYLQJ KLP SRLVHG WR PDNH D ³JRRG GHFLVLRQ´ 7KH VWDNHKROGHU ZDV WKHQ DEOH WRPRUH FRQILGHQWO\ FRQWLQXH WR
DQDO\]HGHVLJQVDORQJWKH3DUHWRIURQWLHUDQGXOWLPDWHO\FKRVHDFKHDSHUGHVLJQDOWHUQDWLYHIRUIXUWKHUGHYHORSPHQW
'LVFXVVLRQ
:KLOHRWKHUYDOXHSKLORVRSKLHVH[LVWWKLVSDSHUDVVXPHVDEDVLFYDOXHVSKLORVRSK\IRUZKLFKVWDNHKROGHUV
EDVLF
YDOXHVFDQEHHOLFLWHGDQGXVHGLQDYDOXHPRGHO7KLVKDVHQDEOHGWKHFUHDWLRQRIWKHYDOXHWKUHHERG\GLDJUDPLQ
)LJEDQDORJRXVWRWKHSHUIRUPDQFHWKUHHERG\GLDJUDPRI)LJD7KHEDVLFYDOXHVLQ)LJEDUHDVVXPHGWREHD
QHEXORXV HQWLW\ WKDW GRHVQRW FKDQJH EXW LV QRQHWKHOHVVGLIILFXOW WR FRPSUHKHQGGXH WR WKH REVFXUH QDWXUH RI LWV
LQWHUQDOVWUXFWXUH7KHGHVFULEHGIUDPHZRUNSRVLWVWKDWLQWHUDFWLQJZLWKPHQWDODQGFRQVWUXFWHGPRGHOVRIYDOXHFDQ
KHOSLQHOXFLGDWLQJLQWHUQDOYDOXHVVRDVWRIDFLOLWDWHEHWWHUGHFLVLRQPDNLQJ0RUHRYHUWKLVIUDPHZRUNEDVHGRQWKH
EDVLFYDOXHVSKLORVRSK\HQFRXUDJHVDWWHQWLRQWRFRJQLWLYHELDVHVH[LVWLQJDWWKHGHOWDVEHWZHHQWKHYDULRXVHOHPHQWV
RIWKHWKUHHERG\SUREOHPLQ)LJ
,QVSLWHRILWVUHOHYDQFHIRUUHTXLUHPHQWVEDVHGDSSURDFKHVRWKHUYDOXHHOLFLWDWLRQSKLORVRSKLHVH[LVWEH\RQGWKDW
RI EDVLF YDOXHV DOWKRXJK WKHUH LV QR JHQHUDOO\ DFFHSWHG SKLORVRSK\2QH RI WKH JRDOV RI RQJRLQJ UHVHDUFK LV WR
Fig.4:Stakeholder’sclockwisetrajectorythroughthematrixinTable3,enabledbyvisuallyinteractiveexplorationofpreferences.
Fig.3:(a)Initialtradespaceandpreferencesoverperformanceattributes.(b)Revisedpreferencesandfinaltradespace.
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
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XQGHUVWDQG WKH LPSOLFDWLRQV RI RWKHU YDOXH SKLORVRSKLHV WR WKH GHVFULEHG IUDPHZRUN )RU H[DPSOH DVVXPLQJ WKH
SDUWLDOSHUVSHFWLYHSKLORVRSK\RQYDOXHHOLFLWDWLRQZRXOGDXWRPDWLFDOO\LPSO\YDULDWLRQVWRWKHWKUHHERG\GLDJUDP
VKRZQLQ)LJEDVWKHYDOXHVZRXOGEHDOORZHGWRFKDQJHLQGLIIHUHQWVLWXDWLRQVLHGLIIHUHQWIUDPHV
7KHUHSUHVHQWDWLRQDOFDVHSUHVHQWHG6SDFH7XJVHUYHVWRSURYLGHDQLQLWLDOGHPRQVWUDWLRQRIKRZWKHSURFHVVRI
LQWHUDFWLYH YLVXDOL]DWLRQ LQIOXHQFHV WKH GHOWDV VKRZQ LQ )LJ E DQG LW SURYLGHV SUHOLPLQDU\ IDFH YDOLGLW\ RI WKH
K\SRWKHVLV SXW IRUWK LQ  7KURXJK YLVXDOO\ LQWHUDFWLQJ ZLWK KLV PHQWDO DQG FRQVWUXFWHG YDOXH PRGHOV WKH
VWDNHKROGHUZDVDEOHWRIRUPPRUHWUXWKIXODQGWUXVWHGYDOXHPRGHOV)LJLOOXVWUDWHVWKHFORFNZLVHWUDMHFWRU\WDNHQ
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